Deformation Characteristics of Concrete Elements with Content of Plastic Aggregate  by Križma, Martin et al.
 Procedia Engineering  65 ( 2013 )  25 – 32 
Available online at www.sciencedirect.com
1877-7058 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.










,Q WKH ,QVWLWXWH RI&RQVWUXFWLRQ DQG$UFKLWHFWXUH 6$6 ,&$6$6ZH DUH FRQFHUQHGZLWK DQ LQYHVWLJDWLRQ RIPHFKDQLFDO DQG
SK\VLFDOSURSHUWLHVRIFHPHQWFRPSRVLWHVZLWKFRQWHQWRIDFUXVKHGSODVWLFDJJUHJDWH3$VLQFH>@%HWZHHQ\HDUV
DQGWKHSURMHFWRIWKH(XURSHDQ(FRQRPLF$UHD(($SURMHFW1R6.Ä'HYHORSPHQWRIFHPHQWFRPSRVLWHVIURP
HOHFWULF DQG HOHFWURQLF SODVWLFZDVWH IRU DSSOLFDWLRQ LQ EXLOGLQJ LQGXVWU\³ ZDV VROYHG LQ ,&$ 6$6 >@ 7KH REWDLQHG UHVXOWV
FRQWDLQHGWKHGHVLJQVRIFHPHQWFRPSRVLWHVZLWKFRQWHQWRIDSODVWLFDJJUHJDWH&3$IRULQVXODWLQJDQGVWUXFWXUDODSSOLFDWLRQV
$OVRVRPHFRQVHFXWLYHWHFKQRORJLFDOSUREOHPVZHUHVROYHGDQGW\SLFDOPHFKDQLFDODQGSK\VLFDOSURSHUWLHVRIWKHPL[WXUHVZHUH




WKH ORQJWHUP WHVWV DOVR DQ LQIOXHQFH RI DQ HQYLURQPHQW ODERUDWRU\ DQG RXWGRRU SURWHFWHG HQYLURQPHQW RQ WKH PRQLWRUHG
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,QWURGXFWLRQ
$ UDWLRQDO OLTXLGDWLRQ RI PXQLFLSDO ZDVWH FRQVWLWXWHV D UHOHYDQW DOOVRFLHW\ SUREOHP  HQYLURQPHQWDO DQG DOVR




ZHLJKW 7KH EXLOGLQJ LQGXVWU\ LV LQ SUDFWLFH RQH RI WKH PDQXIDFWXULQJ LQGXVWULHV ZKHUH PL[HG SODVWLFV IURP WKH
PHQWLRQHGNLQGVRIZDVWHFDQEHDSSOLHGLQDPDMRUDPRXQW7KHPL[HGSODVWLFZDVWHPDNHVDUHOHYDQWSRWHQWLDOIRU
WKHSURGXFWLRQRIOLJKWZHLJKWDJJUHJDWHVRUIRULPSURYLQJRIWKHUPDOLQVXODWLRQSDUDPHWHUVRIFRQFUHWHSURGXFWVDV
ZHOO DV EXLOGLQJ FRQVWUXFWLRQV WKHPVHOYHV 6LPXOWDQHRXVO\ VDYLQJ RI QDWXUDO VRXUFHV RI DQ DJJUHJDWH LV D QRQ
QHJOLJLEOHDGGHGYDOXHRIWKH3$DSSOLFDWLRQLQFHPHQWFRPSRVLWHV
$FFRUGLQJWRWKHHVWLPDWHVPDGHLQWKHPLGGOHRIWKH¶VUHVRXUFHVRIWKHPLQHGDJJUHJDWHLQ6ORYDNLDVKRXOG
KDYH EHHQ VXIILFLHQW IRU  \HDUV >@ ,W LPSOLHV WKDW WKH EXLOGLQJ LQGXVWU\ LQ 65 LV DOUHDG\ QRZ IRUFHG WR
DFFRPPRGDWH WR WKH JLYHQ VLWXDWLRQ DQG DW OHDVW SDUWLDOO\ WR VZLWFKRYHU WR WKH SURGXFWLRQ DQG XWLOL]DWLRQ RI
DOWHUQDWLYHDJJUHJDWHNLQGVOLNHWKHFUXVKHGDJJUHJDWHRUDJJUHJDWHVIURPZDVWH1RZDGD\VHQYLURQPHQWDODVSHFWV
OLNH WKH VRLO DQGZDWHU VRXUFHVSURWHFWLRQFOHDUO\SURPRWH DJURZWKRI WKHDOWHUQDWLYHDJJUHJDWHVXWLOL]DWLRQDW WKH
H[SHQVHRIWKHLQGXVWULDOPLQLQJRIJUDYHOVDQGV
$ GLVDGYDQWDJH RI WKH SODVWLF DJJUHJDWH LV LWV SULFH ZKLFK LV REYLRXVO\ KLJKHU LQ FRPSDULVRQ ZLWK WKH PLQHG
DJJUHJDWH+RZHYHUWKHSULFHRIWKHSODVWLFDJJUHJDWHVKDOOSUREDEO\JUDGXDOO\GHFUHDVHIRUWKHH[SHFWHGJURZWKRI
LWVSURGXFWLRQDQGDOVRFRQVXPSWLRQ
$V WKH JUHDWHVW GLVDGYDQWDJH RI WKHSODVWLF DJJUHJDWHZKLFK LQSUHVHQW GD\VGHFHOHUDWHV LWVZLGHU XVDJH DW WKH










PL[WXUH5&ZDVEDVLFFRPSDUDWLYH  WKHFRPSRVLWHZLWK WKHFODVVLFPLQHGDJJUHJDWH7KHPL[WXUHV&/DQG&$/
FRQWDLQHG/(&$FRPPHUFLDOQDPH /LDSRU WKHRWKHUPL[WXUHVFRQWDLQHG3$7KHPL[WXUHV&/DQG&$/ZHUH
PDGH IRU WKH VDNHRI SK\VLFDO SURSHUWLHV FRPSDULVRQ ,Q DOO FDVHV EDVLFPHFKDQLFDO SURSHUWLHVZHUH H[DPLQHG DW
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FHUWLI\ WKH IDFW WKDW WKH FRPSUHVVLYH WHVWV UHVXOWV KDYH QRW WR EH GHFLVLYH IRU FODVVLILFDWLRQ RI FRPSRVLWHV WR WKH

























































ZLOOSD\DWWHQWLRQPDLQO\ WR WKHPL[WXUH+ZKLFK IURP WKH VWUXFWXUDOPL[WXUHV VKRZV WKHPRVWGLVDGYDQWDJHRXV
YDOXHVDJDLQVWWKHUHIHUHQFHFRQFUHWH5&7KHUDWLRRISDUWLFXODUIUDFWLRQVZDVGHWHUPLQHGIRUERWKPL[WXUHVRQEDVLV
RIYROXPH LQ WKH YLEUDWHG VWDWH8QGHU WKH WHUP ÄWHVWVZLWK UHVWULFWHGSRVVLELOLW\RI VKULQNDJH³ZHXQGHUVWDQG WKH
WHVWVRIDV\PPHWULFDOUHLQIRUFHGHOHPHQWV,QRXUFDVHWKHSULVPVZLWKWKHGLPHQVLRQV[[PPDQG
ZLWKWKHLQVHUWHGUHLQIRUFHPHQWRIDSHULRGLFVXUIDFHZLWKWKHGLDPHWHUIPPZHUHXVHGDVWULDOHOHPHQWV7KH


































ZKHUH WKHSDUDPHWHUDGHILQHVDQ LQLWLDO DYHUDJH VWUDLQHRUFXUYDWXUHU7KHSDUDPHWHUE FKDUDFWHUL]HVJURZWKRI
VWUDLQ RU FXUYDWXUH LQ WLPH7KH VXPRI WKHVH SDUDPHWHUV D E WKHQ UHSUHVHQWV WKH OLPLWLQJ YDOXH RI WKH JLYHQ
TXDQWLW\ LQ WKH WLPH Wĺf 7KH TXDQWLW\ YDOXH HTXDO WR WKH VXP D E FRUUHVSRQGV WR WKH WLPH ZKLFK LV
XVXDOO\FDOOHGWKHKDOIWLPHDQGLWLVGHQRWHGE\WKHV\PEROF)LJDFRUUHVSRQGVWRWKHIUHHVKULQNDJHDQGUHYHDOV
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ERWK OHYHOV WKH VWUDLQV RI WKH WULDO SULVPVZHUHPHDVXUHG LQ FRPSUHVVLRQ LQ WKH VDPH ODERUDWRU\ FRQGLWLRQV 7KH
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7HVWVRIIORRUSDQHOV

$W WKH VKRUWWHUP WHVWV IRXUSRLQW ORDGVXEVWLWXWHV UHDOXQLIRUP ORDG WKH VDQGZLFK W\SHSDQHOV UHDFKHGEHWWHU




































































)URP WKH SRLQW RI YLHZ RI OLPLWLQJ VHUYLFHDELOLW\ VWDWHV DQG DOVR IURP WKH WHFKQRORJLFDO SRLQW RI YLHZ WKH
VDQGZLFKW\SHSDQHOVDUHPRUHFRQYHQLHQWWKDQWKHGRXEOHUHLQIRUFHGSDQHOVZLWKDGRPLQDQWFRPSRVLWHRIWKH&3$
W\SH7KH\DUHPDUNHGO\RQWKHVLGHRIVDIHW\DJDLQVWWKHQRUPDWLYHYDOXHV
7KH UHVXOWV RI WKH ORQJWHUP WHVWV IRU WKH LQWURGXFWRU\ ORDGLQJ VWDWHV DUH RQ WKH VLGH RI VDIHW\ DJDLQVW WKH
QRUPDWLYHFULWHULRQV7KHSDUWLDOUHVXOWVFRUUHVSRQGLQJWRWKHWHVWVLQRXWGRRUHQYLURQPHQWLQGLFDWHWKHUHTXLUHPHQW
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